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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an element 
which always has fixed and superior piezoelectric 
properties and realizes relatively easy control of a 
manufacturing process. 

SOLUTION: In a piezoelectric element, where electrodes 

6, 8 are arranged at both sides of a piezoelectric film 

7, the surface of the piezoelectric film In contact with 
an electrode is provided with en oxide layer 7a, which 
Is formed of solid solution of a composite oxide 
represented by chemical formula of AB03 or two or more 
kinds of composite oxides shown by chemical formula of 
AB03 each, and whose Pb content Is 0 or 15 wt.% or 
less. 
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ic. ftfiAB o 3 -Q^^m.^m\tm^. tz&**i? 
k% KiTT- & z> mtmm $jmb l /■= c t & &m t ? s s. 
as * # p b * e, & <*: y sistifc i at, l < i* 2 ati 

±0)j€^t?, BA<. Ti, Z r *5«fctfS n](pe>£i:.5i*J: 

ya*hfc i a* l < i*2aja±a>5c3t-efe£«^inb 
i atu<i*2aiii±o)7c^-e. b*<. Nbfej:i;/t 
aiitE**a<babi:o!>iaan*i=j:y, tirettititin 
[R««3] tfrGtt4b&A£»j£*-«afcifetf&gi« 
[1S*^4] SirlBK{b«aJgi=^*+i.*PbcDgA<5 

[»#*5] tfri5EE«(*KA^ ftWPb (z r 
-i_ x Ti x )o 3 (o. i^xsi) -castigate 

a<b*-e»rifc**i*fci4-f-©a*a<bH!i*aErt»i: lt 
Ea*»*. 

[M** 6 ] aeSttttn**. it¥* a [ P b ( Z r 
1_ x Ti x )0 3 (0. 1 ^x=§1 ) ] -b [Pb 

(C1/3D2/3) 03 (c : t;u* u ±a*s. Z 

n. Ni, Mru CoJfcliF e : D : V. Nb£fcl* 
T a) ] - c C(Bai_ySr y ) Ti03 (O^y 
^ 1 ) ] ( a + b + c = 1 , 0. 6 ^ a ^ 1 » 0 ;§ b :§ 

0. 4. oscso. 0 6) x-mzH&tii'&MibWHnm 

[»*«7] BtrlSK'lb#lSa)J5^-A<0. 0 5//m~1 
[»*^8] M15Ji®tt:mroJi;^-A<1 X/m~2 5 Xim 
[«*Si9] Btriai«btiS<»Jl^A<mlf5)IS<*ffi<7)Jl 

vre*a±i=s*{we»**-«E*ita»j*xa&. 
wee m(*B±i=iaei: itmomm ZMtfL? 2 <am 



fiiHm 1 ©la^sis t iMEEE«tMR»j£xa £ <z> 
©«a»iaxafc«>iHii=. aibajitaijft-r^KflsttJi 

iwan] iitrEBfls*»»j*xai=*it*-c, *■ 
«&i=j:ytirEBiba/i*<ajft£*i*M*ai oie«<d 

[»#ai 2] iWEi£«i*B»j*iai=*5t*T. *■ 
aj*i=j:y«ris£E«tt:B3ft<»ja**i*w*ai o^fci* 

fai-$|:,|:..otSEftJt > flTGW >*«S&£ffio-C 

tmer^ »*ai J5tt»L»*«9©^r 
[aaaftnttKQii] 

[0001] 

£i±&fc#>l~. <f>9£a>8a£a4b$1*Sr9?:xX 

[0002] 

mz^v K»*t«M«te«ki;T^^a.x— « tix&a 

j£$ii-cii«. nsi::-«£tt*LTa£Micii<-*-j:3 

mk^i k=i4, w*r-r 3 £ sow > 

l-2il-f •5£88a>'C>*Ml 2A<^gJS*4^rt^^ (H5 

croststsi 3i-«tor^-v KS^i i <D±rcD'f 
si 2 0t>±aMnA<nsd>iri««. anai 3±ic 

fiii)«1 3l=finBlbA$^7L«^«>a>EVft:*?1 5 
$ttifc7ffai- $i 1 4«»m3i1 9$$IJ»LT, m 
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1 3£filS£-t±5. ztucfcy. JiiStsi 3<Dmmiz*i 
jSLfcgg^co-fv-^^i 2<75#a$^t*-a-r. -TV* 

[0 0 0 3] l±SIt*fSHM 51*. TSpBai 6Jtl-S« 
(tmi 7£fl2j£L. -tOTEESttlgl 7 ±lz_hgp®®1 8 
£JJ£J$LT. TSPSffil 6i±gBm@1 8t-em«<*ffi 
1 7^^T-«fi£$ttTU-5. Iim<tmi 7 1*. -ISM 
lc. ^^>^v;bn>^J9 (Pb (Zr, Ti)0 3 : 
PZT) T'flSJ££;tx. £fcl*PZT-££j£#£LTf&Ji£ 
ttlXl^Z* C0><fc5£i!afi£0)IiffitWg1 71*. X/W 
M^mmm. cvdS. u— tf-T^u-va^ 

20 fc£*C:J:yffiM££*L-&o 

[0 0 0 4] #Jx.f*4#§a¥l 0-2 1 7 4 5 8#^«tf 
(-1*. PZTAv£fc5E»t*K£ff£/i£-f LT. 

p z TCD*an*4£Taisa-ti=* k Ltzm. 

ZtiZ&mZit. Jfeivsuftflgu caaaattaa*. 

lM*#il«T'fc&«»Ste1fc«*<ff*J&£;h.-S 0 m*4*« 
1=1*. *<0«itffittt)StI*. E«{*Ola>ttJftl=<l:««A 
j£^i&flT*£ C fcSfeattJ*a*)<. PZT $£&n<D 
ttoTtt*^iBt^6*l» fiattl=Ma«ga&*<«$ L 

■caatfHitfcajS-c, «#*^LT*Jiiii=if lw* 

©tt»«tBa*l=«Battaaj&«»a**i* c i: lz«fc 
y. a#tfa%&fefeB(=Ea{*aa>aatta(=fttfr« 
SEE*. «R«tt*R*»»a**LTl»fcl»»£l=ib«L 

[0 0 0 5] 

10-21745 8^Wzm^titXl^^^ol~. ffi 

a{*R©a*«dia«i=/w p* PTa***iM*#» 

©'J— *aat*»MM-*-*. t^ofe^ai?lt EBtfclg 
©USS tl3 fc « lM*ffia<*&(D 15 l=ffK*tt 
*»#*J::-a©ttBT»»aSsh.SJ:3(=:?P-fe**l» 
■*-*Cfcl*«L<. ?3l--5g<©E.«*#1*fe£l#ofcI£mfc 

[0 0 0 6] zroUBJI*. &l±©<fc3£:*1*lca.a-Tfc 

a&?P*x©Ma&ttBttaaT*fc«E«<**?£a 

et-r^ci:. fccfct;, 5 &Evtt*?€&ai::a 



[O 0 0 7] 

[«■*»*■*■**:*>«>¥«] »*ai 
ffia{*B«)Hffla(=-t*L**i«a*«Ea*nfctt«f*« 

aa-r*a«i=» <b*aABo 3 -c***i*a^a<b* 

*fcl**4l**lft*SC A B O 3 -C** ft* 2 aSfcl-t© 

a*a<baa>H»ff-c»***Lfc, Pb«>t«A«ot 
l < 1* 1 5 as%KiT-cfc«a{t«!jg**a Ltz^tz 
aatf *. 

[0008] n*a2i=a«*Hf*. aaaiieawE 

l*2aiil±0)7t;*'C?. BA<. Ti. Z r fcilfSnfrf, 

<c*»«fcyatf*ifci at L<'(*2aBi±<D5c«-e** 

a^^bfea. tL<l*. fbfaAB0 3 ^ A*><. T 

juay&aon at L. < !*2«iiU:a>7E35tT?. ba<. n 

bfe«ktf/*fci*TaT?**a*a<kab. **=(*. sir 
ea^aibaa &itrea£tt<b«b ^rosaac:* y. 

[0009] Raa3i=a«am±. »*ai*fci*» 
[00 1 o] f»#Ji 4 £$§0.81*. maaifti^LW 

*JS3©l^*l*M=IB®©IEm#llm::fc^T. K^bfel 
ai=a*S*i* P b <oa*<5Sa%lilTt?fe-S C i: £ft 

at-r-5. 

[001 1] naasizasaai*: aaaifcuunt 
aa4 0Di^r*uw=E«fl!>ffiaa«*i=fii.^r. ib^s 

Pb (Zri_ x Ti x ) 0 3 (0. 1 S x S 1 ) -ea 
**l5PZTlcJ:y f fcttffl) PZT $±«»i: LtE 

attnsaa Lfcc t £i#a£-r a, 
[0012] naaeiza&anii* naai«c^un 

aPZT-b [Pb (C1/3D2/3) O3 (C:M 
g^©/"^* 'J ±3I&B. Zn. Ni. Mn. Co£fc 
l*F e : D : V. N b *fcl*T a) ] - c C (B a 
T-ySry) Ti0 3 (O^ySD) (a + b + c 
= 1. 0. 6Sa51, OS b SO. 4. OScSO. 
06) (KTF. Pb (CV3D2/3) 0 3 ^ TPC 
DJ . (Ba-| — y Sr y ) T i O3? TBSTOJ t 

**t**ia-r> ■ea**L*a*»<b*©ii»(*:(=j:y» 
[0013] »*^7ic«^^B^i*. aaaifti^Ln 

So 

[o o 1 4] »#3S8ic'Bi.&f§B.8i*. aaaifti^LW 
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m<»mft-$-\ H m~ 2 5 //mi: LfcCir^^fat-r-So 

[0 0 1 5].«3fc3l9(C&.£#£B.Hf4. ttifcJil fcULIf 
3fcJl8<7H^;h.AMclHm©E»#*^l~*><^T\ ffiTlBK 
lb1&)Ji<7)I5<*£i£m#:|gCDJSi*<D1 O %KIT± Lt-Z <!: 

[ooi 6] »#^i oiz&zmvuz. &is.±iznm$ 
^WL■th%^ onm&rfiJLmt. Hirism@-ti-E«<*JS 
s»jsw-*E«*ii»rti8i:. flreE*f*n-tt=«ne 
ttemonmzi&m* %>% 2 <D«^^xs<t **t?a 

&!(rEffiWi*«»J*X«fc©|ll|, fe*tf/*fcl*» fltriE 
E««K»/*xa t fries 2 0ttS» J£X8 <t on i=, 

[0 0 1 7] 81*51 1 lzfli.5SSB.SI4, 1ft** i olHSt 
[0 0 1 8] »*J®1 2IZ&£|g0.af4, Rttfll OSfc 

l4M*Jli 1 C«©»J6*at(cfel.*-C, *«7;ua*i> 

Emt*B££}fcj£-f £ = <!: * ^®t-r «. 

[001 9] !S*]Sl 3ICGg.5$§BJI4, ^fv^/X^S 
*U *©-f XW:-f >^g»«aLTMLfe 

ib-c aoTKre-f ><? j x;u^ 6-r 

fcivc. HMET^iX-*!::, ift*«1 fcl*L.ift*S 

-rs. 

[0 0 2 0] »*S1 *fc(*l»*«2(=0IS«-l6^<Z)E 

/■*JMILTl»*cil=J:y, ffl)Htill^iBLT 
ivSSlMEaittK^lzifcKTy — *L 

[002 1] $fc, (=«**W<DJE«{«t^T? 
I*. *^<D«ttWfcWA14*<J:y3ta«**U 

(4. ^SAB0 3 -C**HS«^S<b«S*fcl4-€-H-e 

*nb*a a b o 3 2aaia±a>4k*tt<bife0!> 
«fc mat ©s+ifc^T ? ^^vtm & 



[0 0 2 2] n«fl3l=ff««m(DE«{4:*7-eM:. J± 
HMO. m®i:«j»-r*®ffll(=. &Rtt*-efe«lft1b 
*B**«Lrt^*wti=j:y. EEmttiit^roigi&mii 
ftttt<*PX.&;|i&. 

[002 3] m*fl4i=flis%9]<DEtt{t*?-eii. y 
-<7B3SAt«fcyffisa-r*. 

[0024] 1***5 (CttftaaaEttft*?-?!*. P 
2 T lz«fc y *fc(4 P 2 T £XJ?£#i: LTEWMfeWIMfc 

[002 5] Ht*4f6fza«a9iG>E«ft*?-ei*. P. 
ZT, PCDfciyBSTOSi^t LTJimftMA^ 

j£#(DJt*0>aSC:«fc y ^-©^1±^S^b* z t tfi-x* 

i#i4<oa«a)fflA</£A<y, m+WLftoyft-emmtu 

4. 

[0 0 2 6] 19**7 izfi&SfeBjcDlEBttSSl^-ete, ife 
ft#lS(0J5^*<0. 0 5/imJiLt&-50>T?. 'J— 

&aa$i*«*fca*<ttaf::aau *t=. mmmmm 

[0 0 2 7] »**8(ztfi4f§Bja>EE«tt:flt^-C-l4, ffi 

sittfa&ji&frofey, satMW*a*T*?£K' 

<&*1*&©(=*#/«eraiiA<&af=&ofcy-r-5, 

[oo2 8] mutmaizm&nyHDmm&st+Tut* m 
it®m<r>m#-tfE.m&m<nm&-<j> i o%li^T«t^^^Tt^ 

5^tl:J:y, EattJfc^iLTOEaWttflMST** 
fe-TCfctfttl*. Tfcfc*. K{b4Mlfi<Va*«j:. E 
«(*»^0>±i*l=£to*E«f*«©it*tftt<*y. - 

«fif, E«f**^0)1*tt36««T-r*wi:l=**4«, U^b 

teWHDmft-tfiKmtn&amtHD-i o%jaT-efcttis, 

<7) J: o tt z. t A<S Z t> t » . 
[0 0 2 9] fll*4(1 0«l»L»*ai 2ic^^#^BJ 

[0 0 3 0] WifcJSl 3l=«4fBeH<0-f>^2?x*v 
[O 0 3 1 ] 

[0 0 3 2] 01*5*1/0 214, C(©^B^(0SISS^SI0> 
ffi0t?fcy, 0 2(4. El**W77fal-5l:ffl 
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W-KW^Sm h^-v Ktf>-$&£ffi;*.LTg3£ 

lis «e*ti3]f§Ta&y. ks^i ctai!ite3fc<fci; 
-r) , *ti?tuD-< ; X)i>iz®mizmm?$>$&<o 

y#lt&*t, CCD«i!lfi3lcJ:oT^'V »£T 

<D'O^S2co±ispp*<ffiS^*trt^-s, sis«3± 
cms 3 cincnA * ■sfc &a>Emt**? 5 

*»J»**tTO*. *LT. &&<D& , m#.m : i-S£ffix. 
4ifcE«**^5l=«ffiSW3tO-r*Ci:l=«J:y, USt* 
•So -tilCcfc y . «IS«3<DffiI!]l::ttJ£L*:3&#c7M> 

[0 0 3 3] IE®<**-¥-5l*, TSSmffi6(Z»aSlcI±m 
<*B7£fl2JSgL. *a>BE«*B7.il=±Wt*8S»J* 
LT, T»««6i:±ttW*8 4-T*E«{*B7*ttA//£ 

*ss**-r*. t»M6©*wh;, ^i-issstL-r. 

<, 0iJ*.te6& (Pt) (Au) fc«!frt<ttfliS*L 

ttf!i-?l::*^Tffi#^>£;h,TO£%<7>T&;h.teJ: < . 
WxIfAu, P t fc±fjb<teffl£*l.-5. C*i&0>«ffi6. 
8(DH^t. Wl=»JE4*l«ElV&«, Cy^liO. 05//m 
~ 1 5 um&t Ssfc*. *fc, T«$m«6 tI£m<*B7 
&G>M&£tf/$feteE«{*B7 t-tSU®«8 fcolH 

[0 0 3 4] Elf^i 7 (Dft&fiLlt* ftlcRjgdJlttl* 
*<, »* L < Itit^lZ P b ( Z r 1 _ x T i x ) O 
3 (0. 12x^1. #£L<teO. 42x20. 9. 
<fey»*L<f*0. 52x20. 6) ^SJtlSPZT 

(±C1b¥A-ex = 1 T*fc-St#. ?frb« P b T i O 
3*^t?) Tfl^^ftiJjfcte^OPZT^Jiettt LT 
EE«(*B7*«»J*;iF;|i*. Em#B7<D3j8j£A<x <0. 

m#B7 £«$j£-r-5 p z Ti*. wj:pz Tsajsfc*(+T- 

fc<. JlT««iEMi:<D@J§m. ftfSaPZT-bP 
CD — cBSTO (a + b + c — 1, 0. 6 2 a 2 1 . 
02b20. 4. 02c20. 06) TS£*t5«-&& 
it®HDm%%k. "f PZTtBaTi03*>Sr 
T i Q 3 tOm^lk. PZTt PCDtO>[S;§£. PZ 



T t PCDfc<fctf BS TOttroHJS^'SifClfcort J: 

[0 0 3 5] ElM*B7<Dj?.frte. 1 /jm~25ymg 
:ct-. I±mttB 7 0>&l!i*i 

A<. JE®{*B7 0>ff*£l */m~2 5 f/mSS. Vf£ L 
<te2//m~1 2/imi:-r-5-tlc«J:y. EVtt£?-5 

BE£&gt L«t<T*E«*»* 5!rtfi*t5C!: 

[0 0 3 6] fit, E«{*ffi70>. -tS&«1S8 t&fl4 
■r-5®fl!ll=, P b*<$*r£*lfcOj!>\ P b £;h.T 
OT**«>^r3/><1 5Sfi%fclT. *y»*L<(*5 
Sa%ClTTfe*BMb«sH (BIT, r_t*pjf j to 5) 
7afMLtl^. £fc. EtM7C0, TSP»®6 
tBflWSHBl::, P bOOttl^Ot L<l*1 511 

%eit (j-y»^L<i*5«a%JeiT) -e&sBibiaiB 
-«5s©iitecfci;i=T^a®6 tmi&-r&&m<D*:ti?ti 

\z % PbC0ttiA ? 0tL<li1 5S*%fetT («fcy» 
SL<lj:5ii%ElT) T?fe«B1b*l*.£J(tt$1*«J: 

51= LTticfet^o E.nwm7 <»$>ffliz^ pb 

COil«A<OtL<li1 5M%fcLT (<fcy»*L<l* 
5S»%JilT) -C**BMt1fcJi 5 (=LT 
t,<fct>3b<. JUTTte, Hm<*B7A<JtS|JB7 a?rliL 

[OO 3 7] ±SPS7 a I*. •fb^SAB0 3 T^$tl.-5 

**BHb**fci*2aia±a>tt4a.ft:ifc<DH»(*i=j: y 
<b^sc«t>. Ate, T*iiV±n±misJiTt 
p b * e, « *» «fc y 1 a * l < i* 2 «jii±<D5c 

It'. BA<, Ti, Z rfcctt;Sn^bi5:|>Sctyitf 

^fc 1 at, l< te2aia±<D7c^Tife-i5„ ife•^5L^te. utr 
mt^^. a a*. 7^*'j4ia)iatL<i*2iia 

±©SIt?, BA<. N bfccfct^T a<C5*>W>'Ef< 1 1 
1 -OT-fc-So ^fc. *sh,&ffl>**HMb*«>B»f*l=J: 
y, ±SP^7 a ^^J5E-r5<t-5l=LTt,«fcLV -hSP^ 7 
a<D**fift1«**ti:, <b** (Ba ! _ y S 
r y ) (T i 1 - Z Z r z ) O3 (02y21 . 02z 
21) ta^iBSTZ (JilBft^STy = 0, z = 
OtfeSijS, t4^*.BaT i O3 : y = 0, z = 1 
t-^il tmBaZr03; y = 1, z=0T 
fc-5>t#. -T^tP*>S r T i O3 ; y = 1 , z = 1Tfc 
-5 1 -T<tt>*» S r Z r O 3 ***l-?*t^t?) I=<fc 
y. Sfcte. tO)BSTZ$iS»t LT. JiSSJl7a 
A<^&fi£$^lTt^S. C (D±gfH 7 a ZMfS.-? &mtfa 
(*, 5SSI«it»»'5:OLteBSS1S«:*r»T-35*. 
[0 0 3 8] ±SSJ17 a<DJ5c?fte, 0. 05//m~1// 
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tSCitfti^ -t§gJl7 a <7>J?<?f $0. 0 5// m~ 

i umfth^tK* y. 'J-*«B*ttB*tt*B* 

[0 0 3 9] ±SBJf 7 a a>i?<?M4'. I±mt*:^7<7) 

Jl<*0>1 0%KTF<!:£*l£o JEmi*lg7(DJl<*l-*tUT 

Hffit*:fl7a)Jt^A<«< fcy. ccossm. BISSlE<z>± 

*#14;W£T-f &Ci:(cfc5*<. ±SSJf7 a0>i*<*-£JE« 
tt^CDB.S'M&l 0%JilT\ »£L< l45%KTF£-r-S 

[0040] !a±©.fc5fc«j***-r*]=E«<*»^5i:: 

fcl^TI4. P b*<^*r3*lTl*fcl\ ffcl*Pb©tt. 
fi<D'>JEE^±SPJg 7 a T-Elfrl7 (D«M£{*A<«Ea£ 
HTt>«Ci:l=J:y v ±SSJ1 7 a £JUBLTl«5El,*E« 
fl«TCtt'«ty-' f«3!EA<«a-r-5. -t$BJf7a*<?i 
B WttWfc I* L I* AB*1**m-T*BB * *lT £ C £ 

LT, ±ffff7ali. EE*{*B7±l=BB-r«C&C:J: 

y. *ti&r*i&-rzzti}<nim-e&z><Dv. izmitm* 

[0O4l]ffH«7*±M7att. 

*-*-**B (VRS) , ^u-YJM*, X'<?9ft. Jt 
£3£3tS. CVD2, U— !f— T^U— i >a >B&£* 

bb»*t»«b±(=b y atei^js LrjEm<*p*^i5£ 
■T*. PZTfc,fctf/*fcii*©«rBi***t?«B1fe 

I*, MKVHZlt. PZT»5|5, PZTWB*<D»3|E (« 
jtl* (Z r i _ x T i x ) 2 0 4 t»5St PbOt»5R<tW 

ISP b OftjZt Z r 3S«fctf T i <D&7 JU=i**> K££t? 

Z Tmig(*<Oj§jS (Z r. T i 6J:yPb(D#7Aa* 

B) . PZT»*fcpZTBB{*<D»*i©»*». p 

LW4. PZ Tft*i P Z TltUOSX ^QldH-ct 

[0042] /<-X h*fflL^Cil=«fcyjiSi*ffi7* 

»i*"r**a-ci4, *r. pzT<omB*BB***tr 

ZT»*t*«/W>yfc*»JW*l=BlDLTBB**i 



♦>K*»*B**m»BB£-r*»*#«B«*#2ta, * 
AS. B8#B&££<DttB«>«B[=.J:iJB££4i«. 
PZTt»5S0)!feg(i, O. 5/lmJSlT, »£L<I40. 
2 l/mfelTt^iK*. m&fU UTI4. «*.l*fc 

Kp*->x^;Hzvup— t Kp4f->^q 
— x, tK'J tf-;uy;u=i— t^D>. T-7 

14. *-x h©Bflrtt*i?OffBtt*fi»l=-r*fc«)l= 
m»6*u «-B**«)*^&aBaS?Lr«ffl-#-*ll*J: 
BX.t2x?jiHrn VJi;7<E£*tBB& LTttffl* 
*t&„ pzt(4s ^-Xhipi:SaSl:E^**i 

tt, #tJtte(4&j!?-<?fc£ 0 
[0 0 4 3] PZ TOfltrBftffl^ttl^t?^— X h*<# 

•7 'J— >HlBBBI=J:y»B*tifcT»«a±l=BflrL 
Tl*#. &Sf=£yB4i«>B&&£$i*-c&ft&B£ 

Ls «asi=Bystes. x-x h©B*»ai*. bi= 
>epb&. ^e>3-fom f-fvev^. * 

(D^-X Hfia*<*7t*i. PZT©WB*MfiB 
14l^«fiE-r-5o 4&J&I4.. BSfciag. «K.(i3 o o°c~ 

1, 4 0 0U »SL<tt600 < C~1, 2 00 < tigjS 

#*HBSi (SEfi+t?) . PbOglgftif, ffit<D#? 
BftT"CfTjUiJ: < , S:ffiT*fcl4MIITT?ft?Ci:*< 
T?£-5„ a«l4, M;S*^b3 O 01C~1 , 4 

o oicB«*-e#as-a-r, 2ffiH~2 4»B*4*ttt 

&fi££fr3. £fc. &j&<DBl=. BBtt&BB£fr3 «fe 
31= IT* J: 1*. C«>J:3ft«Bl=J:y, *BB#jMS 

B±l=m«(*B4«»J***i*t, -5-<DBE^{*Bfl)a® 

*<D±g?«Jtlc. BBI=J:y. ^Jx.l4X/^-y^S 

^pB*Bi=j:y±»«s*»j«Lr» K.m^m=f-t^nx 

•So 

[0 0 4 4] ftfc\ PZTCDffiBttlSfi/iEifel^^t;^— X 

I±ttt*:m<DS®lc. y;u— y^B**IBLTBSTZ 
a>ffrEffBBHs«^BL. BSTZ10)M 
i:ft(CPZTm^Sl8^)i^•ri)«fc3(=LTt,«tL^L. * 

PZT©BBfc«J**e£t?*— x h*mvcBB 
Lfc^, »6nfcPZTi©Mc. r/A-yjuaKIt 
ftJfflLTBSTZ(DBtrB<*)Sa/?£!fel$fiEKL, *<DBI=. 
PZTi6*0!BSTZiSft*LT, JimftffifcJ:^ 

[0045] ^fc. BSTZM©^fiEi:^IZPZTlS$ 
S^fiE-rSiaS, fe-5LM4PZT|g33J:t;BSTZ|g£ 
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[0 0 4 6] fclC V/;U-^ua^*UfflLTIEmt*:m7 

-S^i*. PZT<DBUH#*§j&!8!i£^i; 
(flMBttvOU) £HShr«. C<0^flj^li. m*. 

MtTS. /< 'J xkp> 

;na*->;i,»a>tt*fc*«i ~1 5-efcst0A<fi* 

*U efcy#£L<l*7;U3 4rv;uS<BKf£»*<1 ~4C& 
ti«>«<ffiffid*l«. ^S^tL-CI*. mfcR. 

[0047] M7;l-3*-> h*fc«fci//3;fc(i&JlJ££ 
< * *vf . m 7L li ffitt j§#J t J«ttR*l t 0> 

— n,tti*<ny m.T)\y^— ;u, if uvyj 

a — ;Mp-?d tf U >7JVzi — jut* E <D 2 S&TJUa — JU, 
2 — > h*yi$/'-Jk 2 -x h + ->i97-Jk 2 
h*->x$ 1 -y h#->-2-^a/V — 

iUfcifOTVUa^ri/TJUri — ;U*<fflL^t>*t-5„ £fc, R 
75 KRi LTf*. /M/A75 HMpN, N-S?*^U* 
;UA75 K (DMF) ^<t'A<fflt^^-S. -fcaHSAv h 

7-fe h- h 'J JUttJffttftl* €>*!.•&. 

[oo4 8] £fc, a^a>SStt*(6j±*i±-5fcto 

$ > — ;W7 5 ^>t£E<T)7 )\,-h J —){,T 5 7"bf;i/7 
•bh>, 7-fe hftR*f T-b hKIif JVUH<D$ 
-V'r\~>mUt'£%tm?2>& : 5lzLT*>&l\ 
[0 0 4 9] ^JS7;U3+vKfc«feO:/*fcl** 

Kfc^tf/^fcli&JgJSOo. o 5 ; eMS~2^e;HScd 



tf/£fcl*£*M8l£fflU.5J:5(cLT*,J:<. #£L 

[0 O 5 O] *l7^a + -> Kfc<fctf/*fcl*&Jgi££ 
(DJjQTKttflSlCcfc o T P Z T 0>ffrffif*liJi£1&££ 

Jfc-fS. C*U=I*. PZT0RR*Rjittt$dt?&4|iR 

fc <fc 0:<Rl8ifiE(D«-Xg (tM USLTTOT 

[005 1] ^fc. «7*a*i' K6J:lJ[/*fett4 
Bffi*^t;5S5aO)JP*»«l=<feorBSTZ<DfirE«:S!fl 

[0052] WI=R3t**i*^ 

I*, mi* 3 o o°c~4 o 0°cflJ££: L, S^l=^t5^ 
•5^fi£<0;SS(*. fiiJjLli 8 o o°c~ i , o o 0°cigJSi: 

[0 0 5 3] ftfe, PZT©ffirffi{**§B6!fel*$t^SS 

fc*. PZTM^«fiELTJ±««:ffi^J&)?EL, fr<DE.n 
temmmmz bstz <©ltrSE<*l§jSt)^ dtrft^RSft 

fliUft* J: y«**L« -eO^lC, BSTZ 

m<o^ijs t * i= p z t m zmmtfL? & * 5 1= l r t «t i* 

L, PZT<©BlIIEi*i!fli£fe^#t;^fli^^TSB« 

&*tfcPZ TM«)«®ICBS T Zfl>fltJIKt*:SSa^!fel*#t; 

lz s pztHJs^iXbst zS$M Lt. l±m(*M*J 
* l/-hSP« S^fig-T -5 <fc 5 1- L T t, J: L V 
[0 0 5 4] I±m«:Kfc«*:U:J:SSB*a)7c*»«f 
^^aii^lcl*, BIJ5A<1 0//m1iir&£l±.-efcS4:£ 
I*, X87-f^P7t'J^ (EPMA) l-J:y»#f*< 

B<DKJ?i*, ii;gi ^mJiiTT-fe^) I*, xmtttm+ft 

%ftigx (ESCA) , -?ft-<xJ->Ra»«T (S I MS) 
*5«ktf*— S?x#«f (AES) l-<fey5J-«T*<oItgT-fe 

^MSIM (TEM) fg«<7)I*;U*-fl-fJtl!Xir7-1'? 
P7^-'J->x (EDX) A<fc-5o fcf£L, c<7)ii£id\ 
BatTi <t*^lt-rSCi:l*^^JEC^. 
[0 0 5 5] 

[lUSCJ] 33?l=. C05^^j§fflLfc«fey^«:a<)/«f||SS 
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[0 0 5 6] <l±tti*^-X h<DlSSl> PZT®mt. 
<Zr 0 . 52TiO. 4 8 > 2 O 4 »* <«Mb*«) 

<t ir^- ;us;u;g^£-£fcgL 6 5 o°c<D}^S.v 2B# 

fc Q mh>tlt-PZT&3i<D¥-i§ftmt. 0. 2/imt'fe 
o/co Sfc, La203ffcliNb20 5 $S*LfcP 
ZT&;fcl*. La 2 0 3 (iSWSfb^S) £fcf*Nb 2 

o 5 <**<b*») <DK<b«alS»S (zr 0 , 5 2 t i 

0. 4 8> 2 0 4 t»* <«Mt*») £PbOf»;fc (Kfc6 

fco wO>t*#&*l/5:»*0!)¥lSttStt* 0. 2//mT? 
feofco 

[0057] S^n?x*^ ht»^lt i3rffi*a>Mg 

N b 2 O 6 t»3fc. Z n N b 2 O 6 »*£fcl*M g T a 2 
0 6 t&*£ (Z r o. 4Ti 0 . 6> 20 4 tt^ Pb 

fco n^*ltzm^(DW-^UWt. 0. 2 vrnVfr-otzo 
[0058] fbWcPZTft^ La 2 0 3 tL<li 
N b 2 0 5 »lDPZT»**fcl«^P^*-f ht» 

*1 0 OliSPd: t KP*i/?oif;Hr;i/P-X (B* 
118s hpc-l) 9Si^££x^;i,ir;i,y;u:7 8 

®<*/<-x n-10 JMLfco 

[0 0 5 9] 

"<■— X hi : Pb (Zro. 52T i 0. 48) O3 
^-Xh2:0. 02La 2 O 3 -0. 98Pb (Zr 
0. 52T i O. 48)03 

^-Xh3 : O. 02Nb2O5-0. 98Pb (Zr 
O. 52T i O. 48)03 

^— X K4 : O. 35Pb (Mgi/3Nb 2 /3) O 
3 — 0. 65Pb (Zro. 4T i O. 6)03 
^— X h5 : O. 35Pb (Mgi/3Nb 2 /3) O 
3-0. 62Pb (Zro. 4T i O. 6)03-0. 
O 3 S r T i O 3 

X h6:0. 35Pb (Mg 1 /3Nb 2 /3) O 
3-0. 6 2 P b (Zr o. 4T ' O. 6)03-0. 
O 3 B a T i O 3 

<<— X h7 : O. 35Pb (Zni/3Nb 2 /3) O 
3-0. 65Pb (Zro. 4T i O. 6)03 
^— X h 8 : O . 35Pb (Zni/3lslb 2 /3) O 
3 — 0. 62Pb (Zro. 4T10. 6)03 — 0. 
O 3 S r T i O 3 

/ <— X K9:0. 35Pb (Mgi/3Ta 2 /3) O 
3-0. 65Pb (Zro. 4T i O. 6)03 



<<— Xh10:0. 35Pb (Mgi/3Ta 2 / 3 ) 
O3-O. 62Pb (Zr 0 . 4T10. 6)0 3 - 
O. O 3 S r T i O 3 

[0060] <±«*»rtffift4ii»0>H «> #*b*5c* 

+ yXhP>f^ fc<fctf. BtigfS£ffll>fco 
[006 1] ±ELfcU*J»»<D5*#±««»*fflS8 

*y— ;M~}£jjDU 1 2 o°c(D;SS"e6KF B ljtiPflftto^L 
fco ^Hizj:y % »fe<D«iS»»*^fco %t>todmfc 

\Z S 2-> h + ylV- ;UT*^5KLfcO. 

;ua(cLfco fit, ±&m»tfLm&i6me>9titto*af. 

3 11% tUZ&vlzmWiLtzo 
[0 0 6 2] ±»m»titmmi6}tl1 : BaT i o 3 
±SSJf fi2j$ffl^fii& 2: (Bao. 7 S r 0 . 3) Ti 
O3 

±$imBf$.mmiGm 3 : S r T i O 3 
±«H»ritfflft*5S4 :Ba (Ti 0 . 8Zr 0 . 2) 
O3 

±SPlMffit^5 : B a Z r O 3 

±&mMf&mm$ifc6 : s r z r o 3 

±^Jfff2/5£/B^fr;&7 : (Ba 0 . 95P&0. 05) 
T i O3 

±tt»»j3cffl»fli«8 : (Ba 0 . 8 5Pt>0. 15) 
T i O3 

±«»»ja/B«**9 : (Ba 0 . 7 5Pb 0 . 2 5) 
T i O3 

[O 0 6 3] [§gJ£#J1 - 1 7] 

<EW**^»J*»1> S2|C^Lfc<fc?fc«j£0M> 

fc^lc. 1 Ojt/m0y;^-7Sfi± 

lz % T^®4I<t LT!&/£&CDJl£rf><1 0//m£$:£<*:5 
(CP t "<-x h£X* U— >ffl«Lfc«. #I^-Xh 
EH*la)t-l' 2 O 0 // m x 3 mm, J5<frrf>< 1 

[0 0 6 4] (EW*;XT»Jta2) H2iz«Lfc*5 
tt«lrta>-f >2S?x-y hi^'J^^, y KfflOEIM 

=i-7S«±C:> TSPSSi: LT«nS^0)Ji:*^1 0 // 
m£>S4cfc3(::P t ^— X h£X<7 'J — >EPfflLfc&. 
^3^— X H IE tt{*K0>1J--f 200//mx 3m 
rru H^^)<1 0 //mirJSI>«*:5^f*if*lX^ 'J— >EP 

sijLfc^sm^f^iSLfco mztitz&mmzmfco^m 
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-i?5 8#p«ik p bo#Hm*T-gij5eLfc&. ±&mmf$.m 
°c0>jg&-ei s^mummmLtz^ ±ummtLXA 
[006 5] mztitzE.ntem^nvtmi*. 3ov©t 

SgiiP^flCfclt-Sm^WffiSl^S. T e n c o r SMtt 



[0 0 6 6] 

[an 











t FFJ M* IV 






it /-} 3? -ft 










v. U m) 




f li rvO 

nru 


(A / r m 1 } 
\ c m } 




1 


1 


1 


A O 


1 0 5 O 


u. zu 


R "7 v n n ~ 7 




2 


1 


1 


n 0 

0. 8 


-1 r\ cz r\ 
1 O O U 


U. Zl ; 




WftW 3 


3 


1 


1 


A O 


*i r\ c 
1 O O U 




K 0 v 1 n ~ 7 


4 


3 


1 




0. 8 


^ A C O 


u. zz 


C ft V 1 O ~ 7 

0. U * 1 \J 


fSBSwi 6 


3 




1 


0. 8 


10 7 0 


0. 21 


6. 1 x 1 0" 




3 


3 




0.8 


1 0 7 O 


0. 20 


5.9x 1 0" 


S6S&« 7 


3 






0.8 


1 O 5 0 


0. 20 


5.9x 1 O" 7 


seifi03 8 


3 


5 




0.8 


1 O 5 0 


0. 21 


6.0x 1 O -7 


mmm 9 


3 


6 




0.8 


10 5 0 


0. 20 


5. 9x 1 O" 7 


xiMi 0 


4 






0.8 


9 5 O 


0. 23 


5.4x 1 O -7 


Hifiwi 1 


5 






0.8 


IOOO 


0. 24 


5.1 x 1 O" 7 


«t«i 2 


5 






0.8 


10 0 0 


0.23 


4.9x 1 o -7 


SUK0M 3 


i 6 






0.8 


10 0 0 


0.24 


4.9x 1 O" 7 


»M1 4 


7 






0.8 


9 5 0 


0. 22 


5.7x 1 O' 7 


3?{SG<1 6 


8 






0.8 


10 0 0 


0. 23 


4.9x 1 0' 7 


sum e 


9 






0.8 


9 5 0 


0. 22 


5.8x 1 0" 7 


7 


1 0 






0.8 


10 0 0 


0. 25 


4. 8x 1 O 7 


sea&wi s 


3 


7 




0.8 


1 O 5 O 


0. 20 


3.0x 1 O" 7 


SlffiW 1 9 


3 


8 




| 0.8 


10 5 0 


0. 20 


7.5x1 O" 7 


HSfi«52 0 


3 


1 




! 1.6 


10 5 0 


0. 32 


4. Bx 1 O" 7 


tttt« 1 


3 








10 5 0 


0. 20 


7.5x10-' 


0M9i 2 


5 








IOOO 


0. 23 


6.8x 1 O -8 


turn a 


3 


9 


1 


0.8 


10 5 0 


0. 20 


5.4x 1 O- 



[ o o e 7 ] mmm 1 8 3 ±»m»ntm*iBitL 1 &m 
^ate-ra- *:i=<fcy 3 o v<&«»sjiqb#i=33i+*'j— 

fiiJ0>g«Sg|5A''t)B a. T i *5«J:tfP b P 

b»ttii*5ii%tfeofc. ::*u=<fc 9. nffit*Bi 
^i i=*-r 0 

[ o o e a ] tmmm 1 9 3 ±M»jtt]ftttJK 8 

fr&EPMA»«r*frofc. c<&$Sg. ±&M<Dmm.W 
l»6Ba. T i 6J:t;p b*<fcttl£*t, Pb^*«li 
1 Ofi*%-Cfet>fc«, Ctt(3j; Us J±«{*Jla>-tS|Sfl!J<B 
SaSSSIcPb^firo^^t^A^fiK^+iTL^SCi: 



[oo69] cnifi«ij2 03 i=«fcy. mm 

{*^±tt:<C®*7b<2 O wmf. -tSSJf cDJ*£j!><1 . 6^i 

[0 0 7 0] 4 O VOB^BlAD^lcfclt^^^waiSiH 
*S136L. I -V«tt*3H5e-r*£ 4:1=* 9.4 0 V 

ffl^flrssttfiK. m+MfS.&ft &&&&&& tftmm&t 

®SfA^&BafcJ:VT i <D<&rt<e&tiJ£*U PbJiE»(*«l 
ffl**tnp3^ofc. BatTi 4:<OSSJt«fc9, Elftl 
(»±SPfiiJ(DgasaJ(= P b <D#ffi Li&^BaT i O3I 

t>mmztixi*&z£i)wm2titzo 
[0071] cjtK«iji . 23 JitsLfcuas^ji 

0»«9tl=J:V. ^<-^ h 3 6 ^-X h 5 Sfilif *i 




fc. mztxtcE.nttm+o). 3 0 vm&mamzi$tf% 
m*o>mwi<m£mfci.. 1 -vft®.&mfcLX3 

[0072] cjtsw 3 d ±ummfS.mm^m 9$m 

(DfiSBSf A x bBa, T i *>J:tfP b A<gS£ij£*u Pb 
7lt%t*ofc 0 ^-X r-ISElu ±SPJf 

[OO 7 3] CO)fg|§<Dlli£«iJlz^SI±mt*:^?-l*. 3 

0 vnE.tP1amiZi$l+&mMh<liit><%3 0. 2//m~0. 2 
5jt/m1?fcy. tt&Wkm&&T53b&t)<. 3 0VSIEEP 

(SB»«3~9fctt««1» 2£J±«0IJ2) . 

ft -Set 

[007 4] <ff«flt^^<D^^> =&«fi£7tiit<DfcHS§ 
L ^>$x h^vS Th5-i -^ptK^-> 

[0 O 7 5] -tfB^— X b£m-t&mzt < Si$>&?lZ. * 
Jh-^fUDffi&J!*** 2-* K4rvX^y-;Hc^APL, 

1 2 0°C(DSffiT?6B$F B iani$&«l3Lfc. Ctll^U, *f 

x$ y— ;UT?#f?Lf=0. 1 MJ£M£jgTLfc. 7K<Z>i£ 
X (HPC-L) <D2-> h^rvX^ry— JUjgj&^jSaP 

Lfco ^^«SJ5E!feH-M-r •& t KP4r->^pe;Hr;i,p — 

<j>Mitmmmt>< 2 o 11% t « s 5 tens Lf=. 

[0 0 7 6] 

j£ 1 : Pb (Zro, 52T i O. 48) °3 
^fljj$2 : 0. 02L3203-0. 98Pb (Zr 
O: 52Ti 0 . 48) O3 

^j?£3 : 0. 02Nb2O5-0. 98Pb (Zr 



O. 52Tio. 48)03 

mifife* ■■ 0. 35Pb (Mgi/3Nb2/3) °3 
— 0. 65Pb (Zro. 4T i O. 6)03 
^*Fi$5 :0. 35 Pb (M gl / 3 Nb2/3) O3 
-0. 62Pb (Zro. 4Tio. 6)03-0. 0 
3 S r T i O 3 

[0077] tm&m 21-35] 

C. TSflS«!:LtTiI$5 0nm, PtMO. 5 
timnmfrlzlrti^tiX'SvZmVMrfiLtzo fit. 
T»««±l::, ^Ti$£Xtf>3- (1 , 2 00 r 
p mCD[H]fiiBf-r? 3 0«>fiH) (c^y^LTfiSKLfc^. 

1 2 o°ca>;gg-efS*t£ -t*\ 4 o o°c<D^mx 

iS^J* (H;Sj££ : 2 0°C/'tf\ 1 5#ffi&m Lfc. 

m*ij&&&mLT±um£tef$.Ltz®.. 4oo°c(dss 
x-i&mm (.mams.-. .20^ i so-ntM*) u 

gUt9 0 0°C<D;Sg-efiiJiE (#jgjSS : 1 ov», 
1 5ttf!S]«l#) Lf=o #t.ttfclimtt:^±(=. 7ttH/ 
vX h JfflUt/^-->^L, <7-5*;UX<vT>yi!i 
1LT, Ealtt^cD+r'f X*rf><2 O 0 // m x 3 mmi: 

SBllffiirLT A u *&l::J:yj£|gU SMcDE 

m^^-^Wfco SSEffiJ2 1 Izoi^TI*. -hg?« 

ofc. zossm. ±&m<D&mm&\zt$i*x p bjsa-s 

« m -r -5 C t (* X' * A^o fc . 

[0078] CUSSW 3 6 ] ^m^m^Ml^m 3 (Ccfc 
Us HB{*M^{*OTJS*A<2//m-^ ±SPJ1«)®*A< 
0. 0 5//m<tJjfi.<fc5(=lI»(*m^-$^JSLfc. 

[0 0 7 9] ^^^fclEll^T-OTSFilli. 1 5V©1 

^■miiamzmf^m^ommm^. t e n c o rgMti- 
£5»]S-f & chicly % i 5 va>si^En»pB#icfcit^ii 

^t^m2lz^ttbX^ro -hlBLfcHl£0iJ2 

4x-m^ixtz&mwm^-<D i -v^tt^. Ei4i-3g^B 

[0 0 8 0] 

[i2] 
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BUM 


'J— 










(ji m) 


iU m) 


(A/cm*) 




1 


1 


3 


0.2 


0.14 


8. 7x 1 0" 


$£faffl2 2 


2 


i 


3 


0.2 


0.13 


5.4x 1 O- 7 


H5fe#|2 3 


3 


1 | 


3 


0.2 


0. 13 


5. 2x 1 O" 7 




3 


1 


3 


0.1 


0. 14 


6.2x 1 0" 


xtteu 5 


3 


1 


3 


0. 05 


0. 15 


7.3x io- 




3 


2 


3 
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